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(54) Title: PROCESS FOR REFINING CRUDE RESIN FOR RESIST 

(57) Abstract: A process for refining a erode lesin for a resist is provided, which is capable of effectively removing by-products 
such as polymers and oligomers contained within the erode resin. The process provides a refining process for the erode resin of a 
resist resin (A) used in a photoresist composition comprising at lea^ the resist resin (A) and an acide generator (B) dissolved in a 
first oiganic solvent (CI), wherein if the concentration of the component (A) in the photoresist compoation is labeled X, and the 
erode resin concentration of the component (A) in a erode resin solution oonqnising the crude resin of the component (A) dissolved 
in a second oiganic solvent (C2) is labeled Y. dien (i) the erode lesin solution is p i epaie d so that Y is smaller than X, and (ii) die 
crude lesin sohition is subsequently filtered. 
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DESCRIPTTON 



PCT/JP2004/000807 



PROCESS FOR REFINING CRUDE RESIN FOR RESIST 

TECHNICAL FIELD 
The present invention lelates to a process for refining a crude resin for a resist, a 
resist lesin produced by such a refining process, a process for producing a photoresist 
conq>osition \wng such a resist resin» and a photoresist conrposition comprising such a 
resistresin. 

BACKGROUND ART 

Typical examples of resist resins used during the production of electronic devices 
sudi as semiconductor elements, liquid oystal elements and magnetic heads and the like 
include pol}4iydroxystyrme based resins (sudi as resins in which a portion of the hydroxyl 
groups are protected with acid dissociable, dissolution inhibiting groups, copolymers of 
hydroxystyrene units and slyrme units, and copolymers of hydroxystyrene units and 
(meth)acrylate esters) in the case of KrF resist resins, and (meth)acrylate ester copolymer 
based resms in the case of ArF resist resins* 

Examples of processes for refimng tiiese types of resist resins include the 
processes disclosed in the patent reference 1 listed below in the case ofthe former type 
polyhydroxystyrene based resins, and flie processes disclosed in tfie patent reference 2 
listed below in the case ofthe latter type (meth)acrylale ester copolymer based resins. 

The patent reference 1 discloses a process in which the re^ is dissolved in a polar 
solvent such as N-methylpyrrolidone and an aliphatic hydrocarbon based solvent, and 
following phase separation the resm is extracted fix)m ihe polar solvit layer, as well as a 
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process in which the resin is dissolved in a lowar alcohol, and is then added to a poor 
solvent such as v^er to precipitate the polymer. 

The patent reference 2 discloses a process in which the resin is refined nsmg an 
alq>hatic hydrocarbon such as n-hexane, or a niixed solvent of an aliphatic hydrocarbon 
and elhyl acetate* 

Patent Reference 1 : Japansx Unexamined Patent Application, First Publication No. 
Hei 6-289614 A 

Patent Reference 2: Ji9)anese Unexamined Patent Application, Fhrst Publication No. 
20Q2-201232A 

However, whm a crude resin for a resist is refined using tiiese types of processes, 
even if the unreacted monomer is able to be removed to some extent, the removal of by- 
product oligomers or low molecular weight polymers, or polymers with a higher 
molecular weight than the targeted weight average molecular weight, is particularly 
difBcult Consequently, the use ofresistresiiis containing fliese types of by-prod^ 
are difQcult to remove as components is unavoidable. 

For example, ^en an ArF chotnically amplified photoresist composition is 
prepared using a resin containing the aforementioned by-product oligomers or low 
molecular weight polymers, or by-product polymers with a higher molecular weight than 
the targeted weight average molecular weight, although the various characteristics such as 
the sensitivity, the resolution, and the resist pattern shape are satisfectory, tiie number of 
defects in the resist pattern following developing can become problematic. These defects 
refer to general problems such as scum and bridging between resist patterns detected by 
inspecting Ate developed resist pattern fiom directly overhead u sing , for example, a 
sur&ce defect mspection apparatus manu&ctured by KLA Tencor Corporation (brand 
name"KLA"). 
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Furthennote, during storage as a resist solution (a photoresist composition in 
solution fonn), problems may also develop in trans of the storage stability as a resist 
solution, resultmg in the development of fine particles within the solution. Moreover, if 
these fine particles develop, they can cause the type of defects desoibed above, meanmg 
improvanents in the storage stability as a resist solution are needed m order to improve 
the level of dejfects. 

DISCLOSURE OF INVENTION 
The presoit invention takes the above problems associated with tiie conventional 
art mto consideration, with an object of providing a process for refining a crude resin for a 
resist, which enables the efifective removal of by-product oligomers or low molecular 
weight polymers, or by-product polymers with a higher molecular weight than the targeted 
weight average molecular weight, contained within the resist resin, and is cq)able of 
improving the level of defects and the storage stability as a resist solution, witiiout 
fmpfliring characteristics such as the resolution, the resist pattern shape and the sensitivity, 
as well as a resist resin produced by such a refining process, a process fi)r producing a 
photoresist composition using such a resist resin, and a photoresist conq[X>sition 

comprising such a resist resin. 

As a resdt of intensive investigations aimed at resolving the above problems, t^^ 

inventors of the present invention discovered that the above problems could be resolved 
usmg the devices described below,.and were hence able to complete the present invention. 

Namely, a first aspect of flie present invention is a process for refining a crude 
resin of a resist resin (A) used m a photoresist composition comprismg at least the resist 
resm (A) and an acid generator (B) dissolved m a first organic solvent (C 1 ), wherein if the 
concentration of the above component (A) in the photoresist composition is labeled X, and 
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tiie crude resin concentration of Ae conq>onent (A) in a crude resin solution comprising 
the crude resin of the component (A) dissolved in a second organic solvent (C2) is labeled 
Y, then (i) die crude resin solution is prepared so that Y is smaller than X, and (ii) the 
crude resin soliition is subsequently filtered. 

A second a^ect of the present mvendon is a resist resin produced by the above 
refining process. 

A third aspect of the present invention is a process for producing a photoresist 
composition using an aforem^itioned resist resin. 

A fourth aspect of the present invention is a photoresist conq)osition compridng an 
aforemCTtioned resist resiiL 

The term "(nieth)aaylic add" refers to dtiier one o^ or both, melhacrylic add and 
acrylicadd. The term "structural unit" refers to a monomer unit that contributes to the 
formation of a polymer. The teim "lactone unit" refers to a group in which one hydrogen 
atom has been removed fixmi a monocyclic or polycyclic lactone. Furthermore, the term 
"crude resin" describes the unrefined state umnediatdy following polymerization of a 
resin. 

According to the present mvention, there are provided a process for refining a 
crude resin for a resist that enables the effective ronoval of by-products such as polymers 
and oligomers contained wifliin the resist resin, as well as a redst resm produced by sudi a 
refining process, and a process for producing a diemically amplified photoresist 
compodtion using such a resist resiiL 

BEST MODE FOR CARRYING OUT THE INVENTION 
As follows is a sequential description of one example of a process for refining a 
crude resin for a resist according to the present invention. 
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First, a cnide resin is piepaied by a typical polymerizati^^ In other 

words, at least one monomCT that generates the structural units of the target resin is first 
dissolved in a typical polymerization solvent Examples of typical polymerization 
solvents include tetrahydrofuran, dioxane, and methyl ethyl ketone. a known 
p5>lym ^'^ nn mitifltnr such as azobisisobutyronitrile is added to the solution, andihe 
polymerization is conducted by hearing, preferably at SO to SO^'C, for a period of 2 to 6 
hours. 

Next, following completion of the polymerization reaction, the reaction liquid 
containing the dissolved prodiict resin is poured into a washing As this washing 

solvent for example, a polar solvent or a hydrophobic solvent can be used. 

Polar solvents are solvents that contain a polar group such as a hydro^l groiq>, 
and display comparatively high hydrophilicity . Examples of such polar solvmts include 
alcohols of 1 to 4 carbon atoms such as methanol, ethanol, n-propanol, iso-propanol, n- 
butanol, and tert-butanoL Of these, methanol, etiianol and iso-propanol are particularly 
preferred. 

Hydrophobic solvents are solvents that do not contam polar gxsups sudi as 
hydroxyl groins, and display comparatively high hydrophobidty. Examples of 
hydrophobic solvents include tiie aliphatic hydrocarbons. Hydrocarbons of 5 to 1 1 carbon 
atoms are preferred, and specific racamples include pentane, 2-methylbutane, n-hexane, 2- 
mediylpentane, 2,2-dibutylbutane, 23-dibutylbutane, n-heptane, n-octane, isooctane, 
2,23-trimethylpentane, n-nonane, 2A5-trime£hylhexane, n-decane and n-dodecane, and of 
these, U'^hexane and n-heptane are particularly preferred 

The quantity added of the washing solvent is preferably equivalent to at least 2- 
fold the mass, and preferably fix)m 4 to 5-fold the mass of the polymerization solvent, as 
such quantities enable better removal of inq>urities such as the unreacted monomer. 
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Following addition of the washing solvent, the mixture is preferably stirred or shaken at 
10 to 40''C, and preferably ftom 20 to SO^'C, for a period of 10 to 60 minutes, and 
preferably fix>m 25 to 35 ininutes, thereby precq)itadng the cri^ The 
crude resin is obtained by fOitering oS this precipitated solid 

This washiiig step using the washing solvent can also be rq)ealed if necess In 
other words, the resin obtained following die above washing operation can be redissolved 
in a polymerization solvent such as tetrahydrofuran, and the operation of pouring the 
solution into the washing solvent and thm filtering off the precipitated resin can be 
repeated. 

By washing the crude resin produced by the polymerization reaction with a 
washing solvent, in the manner described aibove, the m^ority of the unreacted monomer 
fiom the polymerization reaction can be dissolved in die washing solvent and removed. 
However, the removal of by-product oligomers or low molecular weight polymers fix)m 
the polymerization reaction, or by-product polymers with a higher molecular weight than 
the targeted weight average molecular weight, and particularly contpositionally biased 
polymers or oligomers with a hi^ proportion of a specific structural uiut, is difBcult 

By employing a refining process of die present invention, and in particular the 
characteristic feature of the present invention.i^erein if die concentration of the 
conq)onent (A) in the photoresist composition is labeled X, and the crude resin 
concentration of the componmt (A) in a crude resin solution comprising the crude resin of 
the conqxment (A) dissolved in the second organic solvent (C2) is labeled Y, then (i) die 
crude resin solution is pr epar ed so that Y is smaller than X, and (ii) the crude resin 
solution is subsequentiy filtered, the types of by-products described above can be 
effisctively removed. 
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There are no particular restrictions on tihie first organic solvent (CI) and tiie second 
organic solvent (C2) used in the present invention, provided tiiey are capable of dissolving 
tiie resist resin, and either one, or two or more conventional resist solvmts can be used. 

Exanq)les of the above organic solvents (CI) and (C2) include ketones such as 
acetone, methyl ethyl ketone, cyclohexanone, methyl isoamyl ketone and 2-heptanone; 
polyhydric alcohols and derivatives thereof such as ethylene glycol, etiiylene glycol 
monoacetate, diethylene glycol, diethylene glycol monoacetate, propylene glycol, 
propylene glycol monoacetate, dipropylene glycol, or the monomeliiyl ether, monoethyl 
ether, monopropyl etiier, monobutyl ether or monophenyl ether of dipropylene glycol 
monoacetate; cyclic etiiers such as dioxane; and esters such as methyl lactate, ethyl lactate, 
methyl acetate, ethyl acetate, butyl acetate, methyl pyruvate, ethyl pyruvate, methyl 
methoxypropion^, and ethyl ettioxypropionate. These organic solvents can be used 
singulariy, or as a mixed solvent of two or more different solvents. Furthermore, as (CI) 
and (C2) , either the same solvent, or different solvents may be used, although fix)m tiie 
viewpoint of eflBciency during the resist composition preparation, use of the same solvent 
isprefierred. 

Of these solvents, propylene glycol monomethyl ether acetate (hereafter 
abbreviated as PGMEA) and ethyl lactate OiereaftCT abbreviated as EL) are tiie most 
widely used due to the safety they offer as resist solvents, and are consequentiy preferred. 

There are no particular restrictions on the resist resin (A) and the acid generator 
(B) used in tiie photoresist composition, and conventional materials are suitable. 
Furthennore, the expression "at least" means tiiat other typically employed optional 
conaponents may be included in tiie photoresist composition in addition to the 
aforementioned component (A) and component (B). 
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The concenbatioii X of llie component (A) in fhe photoresist composition is the 
concentration of the resist resin (A) in the photoresist composition in sohidon form, 
produced by dissolving at least the refined component (A) and the component (B) m the 
componsaat (CI). 

There are no particular restrictions on the resist resin concentration within a 
photoresist composition suitable for use with an e3qx>sure source with a wavdength of no 
more than 248 nm (such as KrF, ArF or F2 excimer laser light, or oflier radiation such as 
Kctreme UV, EB (electron beam) or X-ray radiation), altiiou^ the composition is 
preferably prepared with a resin concentration of 5 to 25% by wei^t, and even more 
preferably ftom 7 to 20% by weight If the concentration fells outside this range, then 
forming a film thidcness that is s^qprepriate for &e esqposure source may become difficult 

The crude resin concentration Y of the component (A) in a crude resin solution 
corqxrising the crude resin of the component (A) dissolved in the second organic solvent 
(C2) is, as flie description suggests, the concentration of the componmt (A) in the crude 
resin solution comprising the unrefined mide resin of the component (A) dissolved in 
(C2). 

The refining process of tiie present invention requires tiiat (i) the crude resin 
solution is prepared so that Y is smaller than X, and (ii) die oiide resin solution is 
subsequentiy filtered. 

The solution is prepared so that as described above, Y is smaller than X, although 
there are no particular restrictions on the value of Y. The actual value of Y need only be 
less than the actual value of X selected firam the aforemCTtioned concentration range of 5 
to 25% by weight, and even more preferably fi»m 7 to 20% by weight Y values within a 
range ftom2to 10%by weight are even more preferred, and values fix>m 6 to 10% by 
weight are tiie most preferred. By first preparing a solution oftiie crude resist resin that is 
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more dilute than the concmtration of the resist resm m the final photoresist composition, 
by-products can be precipitated out of this dilute resist solution. 
Subsequently, the oiide resin solution is filtered 

Filtering of the crude resin solution can be conducted uang conventional mettiods, 
although filtration trough a filter with a filtration membrane is preferred. Thereareno 
particular restrictions on the material for the filtration membrane, v*ich can be any 
material typically used in the filtration of photoresist compositions, and specific examples 
include fluororesins sudi as FIFE (polytetrafluoroefliylene); polyolefin resins such as 
polypropylene and polyettiylene; and polyamide resm such as nylon 6 and nylon 66. Of 
tiiese, polyettiylene, polypropylene, nylon 66 and nylon 6 are preferred, as they offer 
siqjerior removal of oligomers and low molecular weight polymers, or polymers with a 
higher molecular weight than the targeted weight average molecular weight, which arc 
produced as by-products in the polymerization reaction, and as a result provide a si5)erior 
defect reduction effect and superior storage stability as aresist solution. 

The pore size of flie above filter is preferably within a range from 0.02 to 0.1 (un, 
and even more preferably fixm 0.02 to 0.05 pm^ as such sizes offer the most effe^ 
removal ofttie above by-products. Ifthe filter pore size is less than 0.02 jun,ttim the 
filtration speed becomes overly slow, and there is a danger of an undesirable fell in 
productivity. In contrast ifthe pore size exceeds 0.1 jun, there is a danger that the 
oUgomers and low molecular weight polym^s, or polymers with a higjier molecular 
weight than tiie targeted weight average molecular weight, produced as by-products in tiie 
polymerization reaction will not be effectively removed. 

Furfhennore, passing flie crude resist resin solution described above through a two- 
stage filter using filtration membranes offers even more effective removal of the polymer 
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and oligomer by-products, and results in an even more superior defect reduction effect and 
even better storage stability as a resist solution, and is consequently the most preferred 
option. In one specific example of the ffltering process, the dilute crude resin solution is 
filtered through a nylon filter as the first filtration step, and tfie result 
filtered through a polypropylme filter as flie second filtration step. A polyethylene filter 
could also be used in this second filtration step. Specific examples of the above nylon 
filter include ULUPORE N66 (brand name: manufectured by Ifihon Pall Ltd.) which is 
manufectured fiom NYLON 66 (brand name), and tiie ULTDPLEAT P-NYLON FILTER 
(brand name: manufectured by Nihon Pall Ltd., pore size 0.04 urn) vAmh is also 
manufectured from NYLON 66 (brand name). 

By removing a predetermined quantity of solvent fix>m the filtrate containing the 
refined target resin, and adjusting the concentration of the resist resin within tiie 
photoresist composition to the desked level, tiie filtrate can be used» as is, as the resist 
resin solution for the photoresist, which is the preferred optiotL The photoresist 
composition can then be produced efficientiy by shx^ly adding the acid generator 
component and any other optional components to the resist solution. Alternatively, the 
solvent could also be removed completely, and the resulting solid resin then used in tiie 
subsequent production of the photore^bst composition. 

In a process for refining a crude resin for a resist according to the present invention, 
the order in which fixe aforementioned wadiing process using a washing solvent, and the 
aforementioned steps (i) and (ii) are performed may also be reversed. 

Carrying out the above washing process step using the washing solvent first, to 
produce a solid crude resin fix>m i^ch monomers and the like have been rmoved, and 
then conducting the aforementioned steps (i) and (ii) is preferred as it results in a more 
effective removal of by-products such as oligomers and polymers. 
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Hie process for refining a crude lesin for a resist according to the preset invention 
is used for refining resins used in photoresist compositions. There are no pardcular 
restrictions on these resist resins, and suitable examples include hydroxystyrene based 
resins and (meth)acrylate based resins, altfaough resins produced by a radical 
polymerization reaction are preferred. In addition, the present invmtion is also suited to 
&e production of resins that can be used in chemically anq)lified photoresist compositions, 
and particularly resins containing structural units derived fix)m (meth)acrylate esters. 
Examples of resins containing structural units derived from (meth)acrylate esters include, 
for example, the resin conqionents of photoresist compositions suitable for use ^1h ArF 
excimer lasers. 

Specifically, the refining process of the present invention is preferably used in the 
production of resins containing the structural units (al) described below. 

(al) Structural units derived fixmi a (meth)acrylat6 ester containing a hydrophilic 
site (hereafter referred to as (al) units), 
(al) Units: 

An (^1 ) ^^^^ » gfnicfairal imit cnfitftining a hydrophilic site on the ester ride chain 
section of a (mefli)acrylate ester. There are no particular restrictions on the hydrophilic 
site, although lactone units aro particularly preferred In the lactone unit, the ring 
containing tiie-0-C(0>stnicturo is counted as the first riiig. Accordingly , the case m 
YMch the only ring structure is the ring containing tiie -0-C(0)- structure is referred to as 
amonocyclic groiq), and groiq)s containing also oflier ring structures aro described as 
polycyclic groups regardless of the structure of the other rings. 

Specific examples of fiie (al) unit mchide monocyclic groiq>s in yMdh one 
hydrogen atom has bem removed fix)m y-butyrolactone, and polycyclic groups in vMch 
one hydrogen atom has been removed fix)m a lactone containing bicycloalkane. 
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Specifically, the stractural units represented by the structural formulas (J) to (IV) 
shown below are preferred. 




(wherein, R represents a hydrogen atom or a methyl group) 



R 




(wherein, R represents a hydro gen atom or a methyl gjcoxsp) 
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R 




(\<4iexdn, R lepresoits a hydrogen atom or a me%l groiq>) 

The above structural units (al) prefCTably account for 20 to 60 moI%, and even 
more preferably fiom 30 to 50 mol% of the total of all llie structural units within the resm, 
as such proportions result in s[q)erior resolution. 

Inlliose cases ini«*ichflie resist resin to which tiie refining process of the present 
invention is ^lied is a resin conqwising the (al) units described above, flie raw material 
monomers are preferably monomers containing a lactone unit wifihi a conq)aratively high 
level of hydrophilidty. When production of a resin is conducted using such a monomer, 
oligomers and low molecular weight polymers compriamg a largp proportion of structural 
units containing a lactone unit, or polymers comprising a large proportion of structural 
units containmg a lactone unit and wifli a higher molecular wei^ than fbs targeted 
weight average molecular weight are ^erated as by-products. Because tiiese highly 
hydrophihc oUgomeis and polymers and the like typicaUy display poor solubility in resist 
solvents, qiplication of Ae production process of the present mv«iti(m in Aese cases is 
particularly desirable. By filtering a dilute resin solution, the highly hydrophilic 
oligomers and polymers can be removed effectively. This enables a reduction in the level 
of defects, and an in^vement in the storage stability of the resin, botii of vtdiich cause 
problems in chemically amplified photoresists. 
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A resist resin to whidi the refining process of 4e present invention is q^lied 
preferably comprises stractural rmits (a2) described below. 

(a2) Structural units derived ftom a (mefli)acrylate ester containing a hydrophobic 
groiq) Oiereafter referred to as (a2) units). 
(a2) Units: 

The hydrophobic group within fbs (a2) unit refers to a highly hydrophobic 
hydrocarbon grov?) containing at least 6 carbon atoms, and preferably 10 or more carbon 
atoms, contained withm the ester section of Hoe (meth)acrylate ester. The Iqrdrocarbon 
groiq) may be eiAer a chain-type or a cycUc hydrocarbon groiq>, and specific exan^les 
include a hydrophobic group contaming a tertiary alkyl gfoxxp, a monocyclic groiq), or a 
polycycUc grovq). Of these, aUphatic type monocycUc or polycydic hydrocarbon groups 
are preferred, and polycycUc hydrocarbon groups are particularly preferred as Aey result 
in siq>erior resolution and dry etdiing reastance. 

Examples of Aese (a2) units indude the structural imits (a2-l) and (a2-2) 
described below. 

(a2-l) Structural units draived from a (melh)acrylate ester conqirising an acid 
dissociable, dissolution inhibrtmg group containing a hydrophobic aUphatic monocycUc or 
polycycUc group Oiereafter referred to as (a2-l) units). 

(a2-2) Structural units dKived fi»m a (meth)acrylate ester con^nising a non-add 
dissociable group containing a hydrophobic aUphatic polycycUc ffoxsp (hereafter referred 
toas(a2-2)units). 

The term "non-add dissociable" used in the description of the (a2-2) units does not 
mean flat the groiq> is diemicaUy completely non-dissodable, but rather that the level of 
add dissociabiUty is lower than that of an (a2-l) unit and results in no significant resist 
patterning. 
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(a2"l)UBits: 

In teems of the acid dissociable, dissolution inhibiting group containing a 
monocyclic or polycyclic group that is used as the hydrophobic group in the (a2-l) unit, 
suitable examples of the aliphatic monocyclic group include groups in vMch one 
hydrogen atom has been removed fiom a cycloalkane, and suitable examples of the 
aliphatic polycyclic group include groi^ in vMch one hydrogm atoni has been removed 
fiom a bicycloalkane, a tricycloalkane or a tetracycloalkane or the like. 

Specific examples include groiqis in "i^ch one hydrogen atom has been removed 
from cyclohexane in the case of an aliphatic monocyclic group, and groups in vAAdx one 
hydrogen atom has been removed fiom a polycycloalkane such as adamantane, 
noibomane, isobomane, tricyclodecane or tetracyclododecane in the case of an aliphatic 
polycyclic group. 

This polycyclic groiq) can be appropriately selected fix)m the multitude of acid 
dissociable, dissolution inhibitmg groups proposed for use within ArF exdmer laser 
photoresist composition resins. 

Of these groiQ>s, cyclohexyl groups, adamantyl groiq>s, norbomyl gn)iq>s, and 
tetracyclododecanyl groups are preferred in terms of industrial availability. 

There are no particular restrictioiis on the above acid dissociable, dissolution 
inhibiting group, providing it is a group which can be used in a resin finr a positive 
chemically anq;)lified photoresist composition, and which dissociates under the action of 
acid, causmg tiie resm to shift fiiom an alkali insoluble state to an alkali soluble state. 

Typically, gioups in which a cyclic or a chain-^pe tatiary alkyl est^ is formed at 
the carboxyl groiq> of the (meth)acrylic add are tiie most widely used. 

Specifically, the structural unit (a2-l) is prejBsrably at least one unit selected fix)m a 
group consisting of the general formulas (V) to (VII) shown below. 
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•(V) 



(wherein, R represents a hydrogen atom or a methyl groiq), and represents a lower 
alkyl groiQ}) 




•(VI) 



(herein, R represmts a hydrogen atom or a methyl group, and R^ and R^ each represent, 
independently, a lower alkyl groiq>) 

10 2 

"•■(W) 




7 5 

(\\^erein, R represents a hydrogen atom or a methyl groiq>, and R* represents a tertiary 
alkjrl group) 

Wi thin th e above formula^ the group R^ is preferably a straight chain or branched 
alkyl group of 1 to 5 carbon atoms, and specific examples include a methyl group, ethyl 
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ffoap, propyl group, isopropyl groi^. n-butyl groiq). isobutyl group, tert-butyl groi?), 
peatyl group, isopentyl groiq> and neopentyl group. Of these, an alkyl groiq> of at least 2 
carbon atoms, and preferably ftom2 to 5 carbon atoms, is preferred as it provides an acid 
dissociabiUty tiiat is greater thanlhe case in wbich is a methyl groiq), and enables 
higher sensitivity. From an industrial viewpomt, a methyl group or an ethyl group is 
preferred. 

Hie aforementioned groups and R' each preferably represent, independentty, a 
loweralkyl group of 1 to Scarbon atoms. Tbese types of groups tend to display a higher 
acid dissociability than a 2-methyl-2-adamanlyl groiq>. 

Spedfically , the grouqps and R^ preferably each represent, independently, the 
sametypesofslraightchainorbrandiedlowalkylgroupsdescribedabovefiarR^ Of 
viiiesegroTq)s, the case in which rW R^ are both methyl groups is preferred in terms of 
industrial availability, and specific example of the structural unit represented by the 
formula (VI) hicludes structural unit derived fiom 2-(l-adaman^l)-2-propyl 
(me&)acrylate. 

The group R* represents a tertiary alkyl groi?) sudi as atert-butyl gfovp or atert- 
amyl groiq>, although a tert-butyl group is preferred in terms of industrial availabOity. 

Furfliermore, the ffoap -COOR* may be bonded to either position 3 or 4 of the 
tetracyclododecanyl groiq) shown in the formula, although a mixture of both stereoisomers 
results, and so flie bonding position cannot be further specified. Furthermore, the carboxyl 
ffovp residue of the (meth)acrylale structural unit may be bonded to either position 8 or 9, 
altiiough similarly, tiie bonding position cannot be fiirflier spedfied. 

The above structural units (a2-l) preferably account for 20 to 60 mol%, and even 
more preferably fiom 30 to 50 mol% of fte total of all the structural units wiflim the resin, 
as such proportions result in superior resoMoiL 
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(a2-2) Units: 

(a2-2) units comprise a non-acid dissociable group containing a hydrophobic 
aliphatic polycyclic ffoup. 

Examples of the aliphatic polycyclic groiq> include flie same groiqis described 
above in relation to the (a2-l) units, and any of the multitude of conventional groups 
proposed for use within ArF excimer laser photoresist composition resms can be used. 

From the viewpoint of industrial availability, at least one of a tricyclodecanyl 
group, an adamantyl groiq) or a tetracyclododecanyl group is preferred 

Specific examples of the (a2-2) unit hiclude flie units with the structures (Vm) to 
(}Q shown below. 



R 




(wherein, R represents a hydrogen atom or a methyl groiq>) 



R 




(v^dierem, R represents a hydrogen atom or amethyl group) 
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(wherein, R represents a hydrogen atom or a methyl gfoup) 



The above structural unite (a2-2) preferably account for 1 to 30 mol%, and even 
more preferably fix)m 5 to 20 mol% of the total of all the structural units within tiie resin, 
as such proportions result in excellent resolution for isolated patterns through to semi 
dense patterns* 

In those cases in which the resist resin to which the refining i»x>cess of flie present 
invention is applied is a resin conqirising the (a2) units described above, monomers 
containing a hydrophobic group are used as the raw material monomers. When 
production of a resin is conducted using sudi monomers, hi^y hydrophobic oligomers 
and low molecular weight polymers comprising a large proportion of structural units 
containing a hydrophobic group are genemted as by-products. In addition, highly 
hydrophobic polymers comprising a large proportion of structural units containing a 
hydrophobic groiq) are also geaerated as by-products. Because these highly hydrophobic 
oligomers and polymers and the like ^icaUy display poor solubility in resist solvents, 
q)plication of the production process of the present invention, namely filtering a dilute 
solution of the resin to enable the highly hydrophobic oligomers and polymers to be 
removed effectively, can be favorably employed, enabling a further unprovement in the 
defect reduction effect 
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Suitable crude lesins for use with a refining process of the presrat invention 

preferably comprise botihi the aforementioned (al) units and the aforemmtioned (a2) units. 

Furthermore, the CTude resmmay also comprise anotiier structural unit (a3) in 

addition to the (al) units and (a2) units described above. 

There are no particular restrictioiis on the (a3) unit, provided it cannot be cla^ 

as one ofthe above units (al) and (a2). For example, structural units derived fiom a 

(meth)acrylate ester comprising a hydroxyl groi^) containing aliphatic polycyclic groiq) 

are preferred 

The aliphatic polycyclic group may be appropriately selected fix)m the plurality of 
polycyclic groups listed in the description ofthe above structural unit (al). 

Specifically, hydroxyl group containing adamantyl groups or carboxyl group 
containing tetracyclododecanyl groups are preferred as the structural unit (a3). 

More spedfic examples include the structural units represented by the general 
formula CXT) shown below. The (a3) units preferably account for 5 to 50 mol%, and even 
more preferably from 1 0 to 40 mol% of the total of all the structural units within the resin, 
as such proportions result in a superior resist pattern sh^e when the resin is used as a 
chemically amplified photoresist resiiL 



R 




•••(XI) 



(^erem, R represents a hydrogen atom or a methyl group, and n represents an int^er of 
lto3) 
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In addition, a crude lesin for a resist suitable for use with a refining process of flie 
present invOTtion may comprise two types of units, namely, acrylate ester units and 
methacrylate ester units, and combinations of these two units resulting in three types of 
crude resin, namely, resins containing only acrylate ester units, resins containing only 
methacrylate ester units, and resins containing both types of units. 

The refinmg process of the present mvention is particularly suited to resins 
containing only structural units derived from methacrylate esters, and resins containing 
&om 20 to 70 mol% of structural units derived from acrylate esters, and from 30 to 80 
mol% of structural units derived from methacrylate esters. 

Jn addition, the latter type of resms containing structural units derived from 
acrylate esters and structural units derived from methacrylate esters in a specific ratio are 
prone to the production of oligomer and low molecular wdght polymer by-products of 
differing polarity, due to Ae difference in polarity of the structural units derived fix)m 
acrylate esters and the structural units derived fix)m methacrylate esters, although fliese 
types of by-products can also be efifectively removed using a refining process of the 
present inventioiL 

As follows is a description of a chemically amplified photoresist composition that 
can be readily produced using a resist resin obtamed by the refining process of tiie presmt 
invention described above. 

This chemically amplified photoresist composition comprises (A) a resin 
component hereafter referred to as component (A)), (B) an acid generator component tiiat 
generates add on esqwsure (hereafter referred to as component (B)), and (CI) a first 
organic soWentOia»after referred to as component (CI)). In those cases \*en a resist 
resin of the present mvention is used as a photoresist conqwsition, Ihe component (A) is 
diher an alkaU soluble resm or a resin that can be converted to an alkali The 
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fiMmer case is a so-called negative photoresist composition, and tiie latter case a so-called 
positive photoresist composition. 

In the case of a n^ative type conqwation, a cross linking agent is added to tiie 
photoresist composition witii the component (B). Then, daring resist pattern fimnation, 
when acid is generated from the coiiqx)nent (B) by raqwsure, tiiis add acts on tiie cross 
linking agent, causmg cross linking between tiie component (A) andtiie cross linking 
agent, and making the composition alkali insoluble. As tiie cross linking agent, eitiier a 
compound witii a methylol groiq) or an aDcyl ether fliereot inchiding amino based resins 
sudi as melamine resin, urea resin or glycolurilresm is typically used. In the case of a 
positive type con^sition, tiie component (A) is an alkali insoluble resin witii a so^salled 
add dissodable, dissolution mhibiting groi^), and when add is aerated from tiie 
component (B) by exposure, this add causes tiie acid dissociable, dissolution inhibiting 
groi9 to dissodate, making tiie conqKmeot (A) alkali soluUe. Mtiiis case, the resin must 
comprise (al) xmits and (a2-l) units. 
Component (A): 

As the conqionent (A), the above ^pes of resist reans, obtamed usmg the process 
for refining a resist resin according to the present invention, are used. 

There are no particular riestrictioDS on the polystyrene equivaleiit wdg^ average 
molecular weight of the component (A), as determmed by GPC, ahhough values witiiin a 
range from 5,000 to 30,000 are preferred, and values from 8,000 to 20,000 are even more 
desirable. 

Furfliermore, the conqionent (A) can be formed from eiflier one, or two or more 
difEoent resins, and for exanq>le, as tiie con|xnieat (A), one or two or more of the above 
types of resins compriang units derived from (meth)acrylate esters as the prindpal 
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componmts may be utilized, or mixtures whh other conventional photoresist con^sition 
resins may also be utilized 
Component (B): 

The component (B) can be appropriately selected fiom kaovm materials used as 
add generators in convrational positive and negative chemically amplified resists. 

Specific exanqples include onium salts such as diphenyliodonium 
trifluoromethanesulfonate, (4-methoxyphenyl)phenyHodoniumtrifluoromethanesulfonate, 
bis(p-tert-butylphen]d)iodonium trifluorometfaanesulfonate, triphenylsulfonium 
trifluoromedianesulfonate, (4-metiioxyphenyl)diphenylsulfonium 
trifluoromefbanesulfonate, (4-metiiylphrayl)diphenyl5ulfonium 
nonafluorobutanesulfonate, (p-tert-butylphenyl)diphenylsulfonium 
trifluoromethanesulfonate, diphenyliodonium nonafluorobutanesulfonate, bis(p-tert- 
butylphenyl)iodonium nonaQuorobutanesulf onate and triphenylsulfi)nium 
nonafluorobutanesulfonate. Ofthese, onium salts with a fluorinatedalkylsulfonat^ 
the anion are prefetied* 

As this component (B\ a single compound, or a combination of two or more 
compounds may be utilized. The quantity ofthe component (B) is typicaUywitiiin a range 
from 0. 5 to 30 parts by weight per 1 00 parts by weight of the component (A). 
Component (CI): 

The component (CI) can be any solvent capable of dissolving the component (A) 
and the component (B) to generate a uniform solution, and the solvent used can be one, or 
two or more solvoits selected &om amongst known solvents used for conventional 
chemically amplified resists. 

Specific examples of the solvent include ketones such as acetone, mefliyl ethyl 
ketone, cyclohexanone, mefliyl isoamyl ketone and 2-heptanone; polyhydric alcohols and 
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derivatives tibereof such as ethylene glycol, etiorlene glycol monoacetate, diethylene 
glycol, diethylene glycol monoacetate, propylene glycol, propylene glycol monoacetate, 
dipropylene glycol, or the monomethyl ethar, monoefhyl eflier, monopropyl ether, 
monobutyl eflier or monophmyl eflia: of diprop^ene glycol monoacetate; cyclic dhers 
such as dioxane; and esters such as methyl lactate, ethyl lactate, methyl acetate, ethyl 
acetate, butyl acetate, methyl pyruvate, eftiyl pyruvate, mefliyl mefhoxypiopionate, and 
efliyl eflioxypropionate. lliese organic solvents can be used singularly, or as a mixed 
solvent of two or more different solveols. 

Of these solvents, propylene gl^l monomefliyl efher acetate (PGMEA) and efliyl 
lactate (EL) and flie like are preferred 

Hie quantity of the component (CI) is sufficient to generate a concentration that is 
suitable for use as a photoresist composition, and enables application of the composition 
to a substrate or tiie like. 
OdierCompon^: 

Other coinponmts may also be added to the photoresist composition accord^ 

need. 

For example, in order to improve the resist pattem shape and the long term 
stability (post e3q>osure stability of tiie latent image formed by tiie pattem wise exposure 
of the resist layer), an amine, and particularly a secondary lower aliphatic amine or a 
tertiary lower aliphatic amine, can also be added as an optional component (D). 

Here, a lower aliphatic amine refers to an all^l or alkyl alcohol amine of no more 
tiian 5 carbon atoms, and examples of these secondary and tertiary amines include 
trimefliylamine, diefliylamine, tiiethylamine, di-n-propylamine, tri-n-propylamine, 
tripentylainine,diethanolain]neandtriethanolaixiine,andalkano^ . 
triethanolamine are particularly preferred. 
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These may be used singularly, or in combinadons of two or more different 
compounds. 

This amine is ^ically added in a quantity within a range from 0.0 1 to 5 .0 parts by 
weight per 1 00 parts by weight of the component (A). 

Furtfaennoie, in line with the objectives of pieventing any deterioration in 
sensitivity, and improving the resist pattern ^bsp& and the long tenn stability by adding the 
component (D), an organic carboxylic acid, or a phosphorus oxo acid or derivative tiiereof 
can also be added as an optional componmtCE). Eittier one, or both of the component (D) 
and the component (E) can be used. 

Exanq)les of suitable organic carboxylic adds mclude malonic acid, citric acid, 
malic acid, succinic acid, benzoic add, and salicylic add. 

Examples of suitable phosphorus oxo acids or derivatives thereof include 
phosphoric acid or derivatives hereof such as esters, including phosphoric add, di-n-butyl 
phosphate and diphenyl phosphate; phosphonic add or derivatives thereof such as esters, 
includmg phosphonic acid, dimethyl phosphonate, di-n-bufyl phosphonate, 
phenylphosphonic acid, diphenyl phosphonate and dibenzyl phosphonate; and phosphmic 
add or derivatives thereof such as esters, including phosphmic acid and phenylphosphinic 
acid, and of these, phosphonic add is particularly preferred. 

The component (E) is typically used in a quantity within a range from 0.01 to 5.0 
parts by weight per 100 parts by wdght of the component (A). 

Misdble additives can also be added to a photoresist composition of the present 
invention according to need, including additive resins for improving tiie properties of Ae 
resist film, surfiu:tants for improving the ease of application, dissolution inhibitors, 
plasticizers, stabilizers, colorants and halation prevention agents. 
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Production of the chCTiically amplified photoresist composition can be conducted 
by simply mixing and stirring each of the components together using conventional 
methods, and\^ere lequiied, the composition may also be mixed and dispersed using a 
dispersion device sudi as a dissolver, a homogenizer, or a triple roll mill. Furfhranore, 
foUowing mixing, the composition may also be filtered using a me^ 
or the like. 

Particularly in the case of a positive photoresist composition for use with an ArF 
exdmer laser, a rean contaimng both (al ) units and (a2- 1 ) units must be used, and resms 
that also contain (a3) units, and in some cases (a2-2) units, are preferred as they provide 
superior characteristics of sensitivity, resolution, and resist pattern shape. In tiiose cases 
Mdien this type of resm, formed by the polymerization of monomers of differing polarity, 
is used, it is thought that various monomers, oligomers, polymers, and other by-products 
within the resm have a deleterious effect ontiie long term stability of the photoresist 
conopositioiL Accordmgly, a chenucaUy amplified photoresist composition produced 
usmg a resist resm according to the present invention displays fevonable storage stability 
as a resist solution, and is less likely to produce defiscts during resist pattern formation. 

Furfliennore, m recent years siUcon \vafers have mcreased m size cons^^ 
and attempts are bemg made to introduce 3 00 mm wafers, and witii this type of large 
diameter substrate, in oidertoprevent wastage of the resist composition, a step known as a 
"prewet step" is used to drop a known resist solvent onto the substrate in advance, before 
qjplication of the resist composition. 

Until now, defects have developed during this prewetting of the resist, causing a 
conaderable problem, but with the resist composition of tiie present mvention, a siq)erior 
defect reduction effect can be achieved even vAsn. a prewet stq) is conducted. 
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Hie storage stability as a resist solution is evaluated using a liquid particle counter 
(brand name: Particle Saisor KS-41 , manufactured by Rion Co., Ltd), using a photoresist 
composition sample that has been stored at room traiperaturefoUowin^ The 
above counter is a device for counting the number of partides wifli a particle diameter of 
at least 02 pm, within each lcm^ The measurment upper Imut is 

approximately 20,000 particles/cm^. 

The quantity of particles within a photoresist composition immediately following 
production is typicaUy restricted to no more than 10 to 30 particles/cml Byutilizingthe 
present invention, tiie storage stability as a resist solution after storage for half a year is 
preferably essentially unchanged fix>m the stability immediately following productioiL 

A resist pattern using the above type of photoresist composition can be formed 

using typical methods. 

For example, a photoresist composition described above is first appUed to the 
surfece of a substrate «uch as a silicon wafer using a spinner or the like, and a prebake 
0ieat treatment prior to exposure) is conducted under temperature conditions of 80 to 
150*^0 for 40 to 120 seconds, and preferably for 60 to 90 seconds. FoUowmg selective 
e)q)0sure of tiie resist fihn with an e3q)0sure qjparatus, by irradiating KrF, ArF or F2 
exdmer laser Kght, or other radiation sudi as extreme UV, EB (ele^ 
radiation, through a desired mask pattern, PEB (post exposure bakmg) is conducted under 
tenq)erature conditions of 80 to 150X for 40 to 120 seconds, and preferably for 60 to 90 
seconds. Subsequently, developing is conducted usmg an alkali developing liquid such as 
an aqueous sohition of tetramethylammonium hydroxide witii a concentration of 0.1 to 
10%byweight hi this rnanner, a resist pattern that is Mihful to the mask pattern can be 

obtained. 
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An organic or inorganic anti-ieflective film may also be provided between Ihe 
substrate and the applied layer of the resist composition. 

Defects within the resist patton can be evaluated by die number of so-called 
surfece defects, measured using, for example, a KLA2132 (brand name) surfece defect 
inspection spparabas manu&ctured by KLA Teocor Corporation. 

EXAMPLES 

As follows is a more detailed desraiption of the present inventian using a series of 
examples. 

The physical properties of the photoresist compositions in each of the following 
exanqiles and comparative examples were detramined in the followmg manner. 
(1) Storage Stability as a Resist Solution 

The storage stability as a least solution of a photoresist cQm3>osition that had been 
stored at room temperature (for 3 months) following production was evaluated using a 
liquid particle counter (brand name: KS-41, manufectured by Rion Co., Ltd.). 

Measurement upper limit is apinoxinuddiy 20,000 particles/cm^. 

Furfliermore, tiie quantity of particles within a photoredst conqwation 
immediately following production was restricted to no more tijan 10 particles/cm^ 
(2) Defects 

The prepared photoresist con^osition (a positive type composition) was ^lied to 
a silicon wafer (diameter 200 mm) using a spinner, and was then prebaked and dried on a 
ho^late at 130**C for 90 seconds, forming a resist layer witii a fUm tiiickness of 350 nm. 
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Subsequently, this layer was selectively inadiated with an ArF excimer laser (193 
mn) tbiough amask pattern, using an ArF e3q)0sure apparatus NSR-S302 (manufectured 
by Ifikon Corporation, NA (numerical 8q)CTture) = 0.60, a = 0.75). 

The irradiated resist was tiien subjected to PEB treatmeait at 1 20'*C for 90 seconds, 
subsequently subjected to puddle development for 60 seconds at 23^*0 in a 2.38% by 
weight aqueous solution of tetramethylammonhnn hydroxide, and was then washed for 20 
seconds vrifli water, and dried, forming a 250 nm line and space pattern. 

The number of defects was flien measured using a KLA2 1 32 (brand name) surfiwse 
defect inspection apparatus manufectured by KLA Tencor Corporation, thus evaluating 
the number of defects wiftinflie wafer. Three wafers were used in each exan^)le and 
comparative example, and the average value was reported. 

[Example 1] 

The monomers (1) to (3) described below were dissolved in 400 ml of 
tetrahydrofuran, 1.64 gofazobisisobutyn>nitrile was added as a reaction initiator, and a 
polymerization reaction was conducted for 3 hours at 70^C. 

(1) 40 mol%, 13.6 g of a-gamma-butyrolactone metiiaaylate (corresfponding witii the 
structural unit (al), and equivalent to the monomer of the above general formula (IV) 
vAerein R is a mefliyl groiq)) 

(2) 40 mol%, 18.7 g of 2-methyl-2-adamantyl methacrylate (correspondmg with the 
structural unit (a2-l), and equivalCTt to the monomer of the above general formula (V) 
wherdn R and are metiiyl groins) 

(3) 20 mol%, 9.44 g of 3-hydroxy-l-adamantyl methacrylate (corresponding with the 
structural unit (a3), and equivalent to the monomer of the above general formula (XT) 
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iwhetein R is a methyl gcoiq), 11= 1 , and a hydroxy groi^ is bonded to position 3 of the 
adamantyl group) 

Following completion of tiie polymerization, Ifae reaction liquid was poured into 
2500 ml of methanol, the resulting nuxture was stirred for 30 minutes at and the 
precipitated sblid was collected by filtration. This solid was then redissolved in 400 ml of 
tetrahydrofuran, poured into 2500 ml of meflianol, tiie resulting mixture was stirred for 30 
minutes at 25^*0, and the precipitated crude resin was collected by filtration (the washing 
step). 

30 g of the crude resin obtained in the manner described above was dissolved in 
345 ml of PGMEA to prepare an 8% by weight (equivalent to Y) dilute resist resm 
solution. This dilute reast resin solution was filtered throu^ a nylon filter (brand nm 
ULTIPORE N66, manufectured by Nihon Pall Ltd.) with a pore size of 0.04 pm. 
Subsequenflyi the thus obtained filtrate was filtered through a polypropylene filter (brand 
name: UNIPORB-POLYFIX, manufectured by Kitz Corporation) witii a poie size of 0.02 
pm (the refining step). Iheresultiiig filtrate was concentrated and yielded a resist resin 
(A-1). The weight average molecular weight of (A-1) was 10,000. Analysis of a sanqile 
removed from the above washing step resulted in the detection of ejach of the above 
monomers (1), (2) and (3). Furfliermore, analysis of a sample removed fi»m tiie above 
refinmg step resulted in the detection of oligomers and polymers in which the proportions 
of the monomers (1), (2) and (3) ww biased relative to the initial addition proportions. 

The components (A) to (D) described below were mfaced together and dissolved to 
prepare a chemically amplified photore^ composition (a positive composition for use 
with an ArFexdmer laser). The photoresist coiiqwsition was prepared so that i^ereas the 
concentration (Y) of tiie resist resin prior to filtering was 8% by weight, the concentration 
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(X) of the reast resmin the resist composilioii was approxfanately 1 1% by weight, 
meaning Y was smaller than X. 

Component (A): 100 parts by weight of (A-1) obtained above 
Component (B): 3.0 parts by weight of triphenylsulfoninm nonafluoiobntanesulfonate 
Component (C): 800 parts by weight of a mixed solvent of PGMEA and ethyl lactate 
(wei^ lado 6:4) 

Component (D): 0.1 parts by weight of triethanolamine 

The storage stability as a resist solution of the photoresist conqwsition aftei 
storage for 3 monflis at room teniperature was essentially unchanged fiom the staWlily 
observed immediately following production. 

The number of pattern defects averaged no more than 5 defects per wafer. Using a 
measuring SEM S-9220 (manufectured by Hitachi, Ltd.), the defects were identified as so- 
called bridge type defects m ^ch bridgmg occurs between line patterns. 

^Example 2] 

Wltihi the exception of using the monomers (1) to (4) described bdow, a phototeast 
lesin (A-2) was syntiiesized by polymerization in the same mannor as tiie example 1, and 
following washing and refining, a fdiotoreast composition was prepared in the same 
manner as the example 1. The storage stabifity as a resist solution and tiie quantity of 
defects were then evaluated. The weight average molecular weight of die refined resist 
resin was 10,000. 

(1) 40 mol% of norbomanelactone aaylate (corresponding with the structural unit (al), 
and equivalent to the monomer of the above structural formula (II) DtAerdn R is a 
hydrogen atom) 
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(2) 35 mol% of 2-efliyl-2-adainantyl methacrylate (coiresponding withlhe structuial tmit 
(a2-l), and equivaleat to the monoma: of the above general fomula (V) -wbsmo. R is a 
methyl group, and is an ethyl groiq>) 

(3) 15 mol% of 3-hydroxy-l-«damantyl acrylate (corresponding with the stnictoral unit 
(a3), and equivalent to the monomer of the above general formula (XI) wherein R is a 
hydrogen atom, if=1, and a hydroxyl fforsp is bonded to position 3 of the adamantjd 
groiq)) 

(4) 10 mom of tetracydododecane mettiacrylate (corresponding with the structural unit 
(a2-2), and equivalrart to the monomo: unit of fte above general formula (X) v4ierdn R is 
ameth^grotq)) 

Analysis of a san^le removed fiom the above wadiing stqp resulted in the 
detection of each of the above monomers (1), (2), (3) and (4). Furthermore, analysis of a 
saxople removed fiom the above refining step resulted in flie detection of oligomers and 
polymers in which tiie proportions of 4e monomers (1), (2), (3) and (4) were biased 
relative to the initial addition proportions. 

The storage stability as a resist solution of tiie photoresist conq>osition after 
storage for 3 months at room temperahire was essentially unchanged fiom the stability 
observed immediately following productiorL 

The numbwofpattem defects averaged no more than 5 defects per wafer. Udnga 

measuring SEM S-9220 (manufechired by Hitachi, Ltd.). tiie defects were identified as so- 
called bridge type defects in whidi brid^ occurs between line pattans. 

^Bxanq)le 3] 

With the exception of usmg tiie monomers (1) to (4) described below, a photoresist 
resm (A-3) was synthesized by polymerization in tiie same manner as tiie exanq)le 1, and 
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Mowing washing and refining, a photoresist composition was prepared in the same 
manner as the exan^le 1. The storage stabiUty as a resist solution and the quantity of 
defects were then evaluated. Hie weight average molecular weight ofthe refined resist 

resin was 10,000. 

(1) 35 mol% of a-gamma-butyroladone methaciylate (corresponding with tiie structural 
unit(al)) 

(2) 35 mol% of 2-methyl-2-adaman1yl methacrylate (corresponding with the structural 
unit(a2-l)) 

(3) 15 mol% of 3-hydroxy-l-adamantyl methacrylate (corresponding wifli Has structural 
unit(a3)) 

(4) 1 5 mol% of tetracyclododecane mediaaylatB (corresponding witii flie structural unit 
(a2-2)) 

Analysis of a sample removed fi»m the above washing stqp resulted in flw 
detection of each of the above monomers (1). (2), (3) and (4). Furlhennore, analysis of a 
sm^e removed firam die above refining step resulted in die detection of oligomers and 
polymers in ^ch the proportions of the monomers (1), (2), (3) and (4) were biased 
relative to tiie initial addition proportions. 

The storage staUlhy as a resist solution of die photoresist cooqwsition afier 
storage for 3 months at room temperature was essoitially unchanged fixmi die stability 

observed immediately following production. 

The number ofpattem defects averaged no more than 5 defects per wafCT. Uanga 

measuring SEM S-9220 (manufiictured by Hitachi, Ltd.), the defects were identified as so- 
caUed bridge ^pe defects in v*ich bridging occurs betweoi fine patterns. 



[Example 4] 
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With the exception of uang the monomers (1) to (4) described below, a photoresist 
resin (A-4) was synthesized by polymerization in the same mauner as the example 1, and 
following washing and lefimng, a photoresist compoation was prepared in the same 
mamier as the example 1. The storage staWUty as a reast solution and the quantity of 
defects were then evaluated. The wdgjit average molecular wdght of the refined resist 
reanwas 10,000. 

(1) 40 mol% of a-gamma-biityiolactone methacrylate (corresponding with the structural 
imit(al)) 

(2) 40 mol% of 2-mefliyl-2-adamantyl methacrylate (corresponding with flie structural 
umt(a2-l)) 

(3) 15 mol% of 34iydroxy-l-adamantyl melhacrjdate (corresponding wiflithe structural 
umt(a3)) 

(4) 5 mol% of tetraoydododecane methacrylate (conesponding with the structural unit 
(a2-2)) 

Analyas of a sanqde removed fixMn Hbo above washing step resulted m the 
detection of each of the above moiUMners (1), (2), (3) and (4). Furthermore, analysis of a 
sanq>le removed ftom the above refining step resulted in the detection of oUgomers and 
polymers in which the proportions of the monomers (1), (2), (3) and (4) were biased 
relative to the initial addition proportions. 

nie storage stability as a resist solution of the photoresist composition after 
storage for 3 months at room tenq)erature was essentiaUy undianged fixMtt the StaWUty 

observed inmiediately following productioa 

He number ofpattem defects averaged no more than 5 defects per wafer. Usmga 

measuring SEM S-9220 (manufectured by Hitachi, Ltd.), the defects were identified as so- 
called bridge type defects m vMch bridging occurs between line patterns. 
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[Example 5] 

WMi the exception of using the monomers (1) to (3) described below, a photoresist 
resin (A-5) was synthesized by polymerization m the same mamiCT as the example 1, and 
following washing and refining, a photoresist composition was prepared m the same 
manner as the example 1. The storage stabiHty as a resist solution and the quantity of 
defects were tiien evaluated The wei^t average molecular weight of the refined resist 
resin was 10,000. 

(1) 50 mol% of norbomandactone acrylate (corresponding with the structural unit (al), 
and equivalent to the monomer unit of the above structural formuk (H) 1^ 

hydrogen atom) 

(2) 30 mol% of 2-(l-adamantyl)-2-propyl acrylate (corresponding with the structural unit 
(a2-l), and equivalent to the monoma: of the above general formula (VI) wherein R is a 
hydrogen atom, and and R* are methyl groups) 

(3) 20 mol% of 3-hydroxy-l-adamantyl acrylate (correspondmg with the structural unit 
(a3)) 

Analysis of a sample removed fiom the above washing step resulted in tiie 
detection of each of the above monomers (1), (2) and (3). Furthermore, analysis of a 
saiiq>le removed firom the above refinmg step resulted m the detection of oligomers and 
polymers m which the proportions of the monomers (1), (2) and (3) were biased relative to 
tiie initial addition proportions. 

The storage stability as a resist solution of the photoresist conqx)sition after 
storage for 3 months at room temperature was essentially unchanged &om the stability 
observed immediately following production. 
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The number of pattern defects averaged no more than 5 defects per wafer. Using a 
measuring SEM S-9220 (manufectured by Hitachi, Ltd.), the defects were identified as so- 
called bri^ type defects in vMch bridging occurs between line patterns. 

[Bxan^le 6] 

With flie exception of using Ae monomers (1) to (3) described below, aphotoresist 
resin (A-6) was synthesized by polymerization in the same manner as the example 1, and 
following washing and r^oiing, a photoresist con4)Osition was prepared in the same 
maimer as the example 1. The storage stability as aresist solution and 4e quantity of 
defects were then evaluated. The weight average molecular weight of the refined resist 
lean was 10,000. 

(1) 50 mol% of a-gamma-butyrolactone metiiacrylate (corresponding witii the structural 
unitCal)) 

(2) 30 mol% of 2-mediyl-2-adamantjrl methacrylate (correspondmg with flie structural 
unit (82-1)) 

(3) 20 mol% of 3-hydroxy-l-adamantyl methacrylate (corresponding with the structural 
uiiit(a3)) 

The storage stability as a resist solution of tite ^otoreast conqwation after 
storage for 3 months at room tCToperature was essoitially unchani^ fiom the stability 
observed immediately followmg productioiL 

The number of pattern defects averaged no more than 5 defects per wafer. Using a 
measuring SEM S-9220 (manufectured by Hitachi, Ltd.), the defects were identified as so- 
called bridge type defects in which bridging occurs between line patterns. 



[Example 7] 



wo 2004/069959 PCT/JP2004/000807 

37 

With the excqrtion of usmg tike monomers (1) to (3) described below, a photoresist 
resin (A-7) was synthesized by polymerization in the same manner as the example 1, and 
following washing and refining, a photoresist composition was prepared m the same 
manner as Ae example 1. The storage stability as a resist solution and the quantity of 
defects were tiien evaluated. The weight average molecular weight of the refined resist 
resm was 10,000. 

(1) 40 mol% of norbomanelactone metiiacrylate (corresponding with the structural unit 
(al), and equivalent to the monomer of the above general formula (HI) wfaerem R is a 
methyl groiq)) 

(2) 40 mol% of 2-ethyl-2-adamantyl mefhacrylate (corresponding witii the structural unit 
(a2-l)) 

(3) 20 mol% of 3-hydroxy-l-adamantyl methacrylate (corresponding with the structural • 
unit(a3)) 

The storage stability as a resist solution of the photoresist composition after 
storage for 3 months at room temperature was essentially unchanged fix>m the stability 
observed immediately following production. 

The number ofpattem defects averaged no more than 5 defects per wafer. Usii^a 
measuring SEM S-9220 (manufiactured by Hitachi, Ltd.), the defects were identified as so- 
called bridge type defiscts m which bridging occurs between line patterns. 

[Example 8] 

With the ©tception of using tiie monomers (1) to (3) described below, a photoresist 
resin (A-8) was synthesized by polymerization in the same manner as the example 1, and 
following washing and refining, a photoresist composition was prepared in the same 
manner as the example 1. Thestors^estability as a resist solution and tiie quantity of 
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defects were ften evahiateA The wdght average molecular weigjit of the refined resist 
resin was 10,000. 

(1) 40 mol% of a-gamma-butyrolactone methacryiate (corresponding witii &e structural 
unitCal)) 

^) 40 mol% of 1-elhyl-l-cyclohexyl methacryiate (corresponding with the structural unh 
(a2-l)) 

(3) 20 mol% of 3-hydioxy-l-adamantyl mediaaylate (corresponding widi the structural 
umt(a3)) 

The storage stability as a resist solution of ihe photoresist conq)Osition after 
storage for 3 months at room tenq)eiature was essentially unchanged from the stability 
observed immediately following production. 

The number of pattern defects averaged no more than 5 defects pa: wafer. Using a 
measuring SEM S-9220 (manufectured by Hitaohi, Ltd.), liie defects were identified as so- 
called bridge type defects in vddch bridging occurs between line patterns. 

[Example 9] 

With Ihe exG^on of using fte monomers (1) to (3) described below, a photoresist 
resin (A-9) was synthesized by polymerization in Ae same manner as the example 1 , and 
following washing and refining, a photoresist composition was prepared in the same 
manner as the example 1. The storage stabiUty as a resist solution and the quantity of 
defects were then evaluated. The weight average molecular weight of &e refined resist 
resin was 10,000. 

(1) 40 mol% of a-gamma-butyrolactone mefliacrylate (corresponding with the structural 
umt(al)) 
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(2) 40 mol% of 2-metfayl-2-adamantyl mefhacrylate (conespondiiig with the structural 
unit(a2-l)) 

(3) 20 mol% of 3-hydroxy-l-adamantyl methacrylate (corresponding with tiie structural 
umt(a3)) 

The storage stability as a resist solution of the photoresist composition after 
storage for 3 months at room temperature was essentially unchanged fix>m flie stability 
observed immediately following production. 

The number ofpattoii defects averaged no more than S defects per wafer. Usinga 
measuriug SEM S-9220 (manu&ctured by Hitachi, Ltd), the ddTects were identified as so- 
called bridge type defects in \^ch bridging occurs between line patterns. 

[Example 10] 

With the exception of using the monomers (1) to (3) described below, a photoresist 
resin (A-10) was synthesized by polymerization in the same manner as the example 1, and 
following washing and refining, a photoresist composition was prepared in the same 
manner as the example 1. The storage stability as a resist solution and the quantity of 
defects were then evaluated The weight average molecular weight of the refined re^ 
resin was 10,000. 

(1) 40 mol% of a-gamma-butyrolactone acrylate (corresponding with the structural unit 
(al), and equivalent to the monomer of the above general formula (IV) wherein R is a 
hydrogen atom) 

(2) 40 mol% of 2-methyl-2-adamantyl mefliacrylate (corresponding with the structural 
unit(a2-l)) 

(3) 20 mol% of 3-hydro}^-l-adamantyl methac^Iate (corresponding with the structural 
unit(a3)) 
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The storage stability as a resist solution of the photoresist compositioii after 
storage for 3 months at room temperature was ess^tially unchanged fix>m tiie stability 
observed iimnediately following production. 

The number ofpattern defects averaged no more than S defects per wafer. Usinga 
measuring SEM S-9220 (manu&ctured by Hitachi, Ltd), the defects were idmtified as so- 
called bridge type defects in vMch bridging occurs betwem line patterns. 

(Example 11] 

0.1 mols of a monomer composition comprising the monomers (1) to (3) described 
below was dissolved in ISO ml of THF (tetrahydrofiiran). 

(1) 40 mol% of norbomanekctone methaciylate (coiresponding with the structural unit 
(al), and equivalent to the nionomer of tiie above general formula (01) i^erein R is a 
methyl group) 

(2) 40 mol% of 2-ethyl-2-adamantyl methacrylate (corresponding with the structural unit 
(a2-l)) 

(3) 20 mol% of 3-hydr63Qr-l-adamant^ methacrylate (corresponding with the structural 
unit(a3)) 

A radical polymerization of the monomer composition was initiated at 70°C using 
AIBN (4 mol% relative to 100 mol% of the above monomers), a compound represented by 
the chemical formula shown below (with a temiinal structure pKa of q>proximately 7) was 
added as a polymetization chain transfer agent, m a quantity equivalent to 3 mol% relative 
to 100 mol% of the combination of the above monomers and AIBN, and a polymerization 
reaction was conducted. 
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CF3 

OH 



GF3 

Follo^ving completion of the ix)lyinerization, the reacdon liquid was poured into 
2500 ml of methanol, the resulting mixture was stined for 30 minutes at 25**C, and fte 
precipitated solid was collected by filtration. This solid was then redissolved in 400 ml of 
tetrahydrofuran, poured into 2500 ml of methanol, the resulting mixture was sthred for 30 
minutes at 25''C, and the precipitated crude resin was collected by filtration (the washing 
step). 

30 g of the crude resin obtained in the manner described above was dissolved in 
345 ml of PC»^4EA to prepare an 8% by weight (equivalent to Y) dilute resist resm 
solution. This dilute resist resm solution was filtered Ilm)u^ a nylon filter 
Ultipore N66, manufectuied by Nihon Pall Ltd,) witii a pore size of 0.04 pm. 
Subsequentiy, the thus obtamed filtrate was filtered through a polypropylene filter (brand 
name: Unipore-Polyfix, manufectured by Kitz Corporation) with a pore size of 0.02 pm 
(the refining step). The resulting filtrate was concentrated and yielded a resist resin (A- 
1 1). The weight average molecular weight of (A-1 1) was 10,000. Analysis of a sanq)le 
removed fix>m the above washing step resulted in die detection of each of the above 
monomers (1), (2) and (3). FurlhOTnore, analysis of a sample ranoved ftom tiie above 
refining step resulted in the detection of oligomers and polymers in which the proportions 
of the monomers (1), (2) and (3) were biased relative to the mitial addition proportions. 

Tlie storage stability as a resist solution of the photoresist coiiqx)sition after 
storage for 3 months at room temperature was essentially unchanged firom the stability 
observed immediately following production. 
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The nimberofpattem defects averaged no itfoiet^ Usinga 
measuring SEM S-9220 (manufiactured by Hitachi, Ltd), tiie defects were identified as so- 
caUed bridge ^pe defects in which bridging occurs betweral^^ Theweight 
average molecular weight of the refined resist resin was 10,000. 

[Comparative Exanqple 1] 

Vftfh the exception of not conducting the PGMEA dilution and filtering stq) (the 
refining step) on the resin obtained following the washing witii the washmg solvent m the 
example 1, a photoresist resin (A -1) was produced in the same maimer as the example L 
Subsequentiy, a photoresist was prepared in the same manner as the example 1 with the 
exception of replacing (A-1) with (A-1). 

As aresult, tiie storage stability as a resist solution following one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measured 

The numbesr of defects averaged qpproxhnately 60,000 defects per wafer. Using 
the aforemmtioned measuring device, flie defects were identified as so-called bridge 
type defects in which bridging occurs between line patterns. 

[Comparative Example 2] 

With the exception of not conducting tiie PGMEA dilution and filtering step (tiie 
refining step) on the resin obtained following the waidung with tiie washing solvent in the 
example 2, a photoresist resin (A -2) was produced in the same manner as the example 2. 
Subsequentiy, a photoresist was prepared in the same manner as the example 2 wifli tiie 
excq>tion of replacing (A-2) with (A -2). 
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As a lesult, the stoiage stability as a resist solution foUowig one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measured. 

The number of defects averaged approximately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
type defects in ^ch bridging occurs betwem line patterns* 

[Comparative Exanple 3] 

With the exception of not conducting 4e PGMEA dilution and filtering step (the 
refining step) on the resin obtamed following the washing with the washing solvent in the 
example 3 , a photoresist resin (A'-3) was produced m the same manner as the example 3 . 
Subsequently, a photoresist was prepared in tiiie same manner as the example 3 wiA the 
exception of repladng (A-3) with (A'-3). 

As a result, the storage stability as a resist solution following one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measuredl 

The number of defects averaged sqjproximately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
type defects in \^ch bridging occurs between line patterns* 

[Comparative Example 4] 

With the exception of not conducting the PGMEA dilution and filtering step (Ac 
refining step) on the resin obtamed following the washing wifli the washmg solvmt in the 
example 4, a photoresist resin (A'-4) was produced in the same manner as the exanq)le 4. 
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Subsequently, a photoresist was prepared in the same manner as the example 4 with the 
exception of replacing (A-4) with (A'-4). 

As aiesult,the storage stability as a resist solution following one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measured. 

The number of defects averaged approxunately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
type defects in v^ch bridging occurs between line patterns. 

[Comparative Example S] 

With tiie exception of not conducting the PGMEA dilution and filtering step (tiie 
refining step) on tiie resin obtained following the washing with the washing solvent in the 
example S, a photoresist resin (A'-S) was produced in the same maimer as the example S. 
Subsequently, a photoresist was prepared in Ae same manner as the example 5 with the 
exception of replacing (A-5) with (A -5). 

As a result, the storage stability as a resist solution following one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measured. 

The number of defects avenged approxunately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
type defects in which bridgiiig occurs between line patterns. 

[Comparative Example 6] 

Witii Hie exception of not conducting the PGMEA dilution and filtering step (the 
refimng stq}) on the resin obtained following the washing with the washmg solvent m the 
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example 6, a photoresist resin (A'-6) was produced in tbe same mamier as the example 6. 
Subsequently, a photoresist was prepared in the same mamwr as Ae example 6 wifli the 
exception 

of replacing (A-6) with (A'-6). 
As a result, fte storage stability as a resist solution Mowii^ one wedc storage at 
room temperature exceeded tiie measurement limit and was unable to be accurately 
measured. 

Ihe number of defects averaged approximately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
^pe defects m if^di bridging occurs between line patterns. 

[Conq>arative Exan^le 7] 

WiOx the excqption of not conducting the PGMEA dilution and filtering step (the 
refining step) on the rean obtained followmg the washing with Ihe washing solvent m Ihe 
example 7, a photoresist resin (A'-7) was produced in the same mam^ as the example 7. 
Subsequently, aphotoresist was prepared in fte same manner as the example 7 with the 
excq)tian of rcplarang (A-7) with (A'-7). 

As a result, Ae storage stability as a resist solution following one wedc storage at 
room temperature exceeded tbe measurement limit and was unable to be accurately 

measured. 

The number of defects averaged approximately 60,000 defects per wafer. Usmg 
&e aforementioned measuring SEM device, the defects were identified as so-called bridge 

type defects m \**ich bridging occurs between line patterns. 



[Comparative Example 8] 
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With the exception of not conducting the PGMEA dilution and fOttering step (the 
refining step) on the resin obtaiQed following the washing with tiie washing solvent in the 
example 8» a photoresist resm (A -8) was produced in the same manner as the example 8. 
Subsequently, a photoresist was prepared in the same manner as the example 8 with the 
exception of replacing (A-8) with (A'-8). 

As a result, the storage stability as' a resist solution following one wedc storage at 
room temperature exceeded the measuremeat limit and was unable to be accurately 
measured. 

The number of defects averaged approximately 60»000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
type defects in which bridging occurs between line patterns. 

[Comparative Example 9] 

With the exception of not conducting the PGMEA dilution and filtmng step (the 
refining step) on the resin obtained following the washing with die washing solvent in the 
example 9, a photoresist resin (A'-9) was produced in the same manner as the example 9. 
Subsequmtly, a photoresist was prepared in the same manner as the example 9 with the 
exception of replacmg (A-9) with (A -9). 

As aresult, the storage stability as a resist solution following one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measured. 

The number of defects averaged approximately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-caUed bridge 
type defects in ^lich bridging occurs between line patterns. 
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[Comparative Example 10] 

With the exception of not conducting the PGMEA dilution and filtering step (the 
lefining step) on tiie tesin obtained foUovdng tiie washing with the washing solvent in the 
example 10, aphotoresist resin (A'-IO) was produced in the same manner as the example 

10. Subsequently, a photoresist was prepared in the same manner as the example 10 with 
the exception of replacing (A-10) with (A -10). 

As aresult, the storage stability as a resist solution following one week storage at 
room temperature exceeded the measurement limit and was unable to be accurately 
measured. 

The number of defects averaged q>proximately 60,000 defects per wafer. Using 
the aforem^oned measuring SEM device, the defects were identified as so-called bridge 
type defects in which bridging occxirs between line patterns. 

[Comparative Example 1 1] 

With the exception of not conducting the PGMEA dilution and filtering step (the 
lefinmg step) on the resin obtained followmg the washmg witii the washing solvent in the 
ejcample 1 1, a photoresist resin (A -1 1) was produced in the same manner as the example 

11. Subsequently, a photoresist was prq)ared in the same inaimer as the exam^ 
the exception of replacing (A-1 1) with (A'-l 1). 

As a result, tiie storage stability as a resist solution following one week storage at 
room temperature exceeded the measuremmt limit and was unable to be accurately 
measured. 

The number of defects averaged qjproximately 60,000 defects per wafer. Using 
the aforementioned measuring SEM device, the defects were identified as so-called bridge 
type defects in vMch bridging occurs between line patterns. 
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From the results of tfie examples and comparative examples described above it is 
evident that in the examples according to the present invention, employment of a refining 
process for a resist resin according to the present invention enables the effective removal 
of by-products fiom the crude resin, and as a result, the storage stability as a resist solution 
of a photoresist composition produced using the refined resin improves markedly. The 
quantity of defects on formation of a resist pattern can also be maikedly reduced. 

D^USTRIAL APPUCABIUTY 
The preset invention provides a process for effectively removing by-products 
such as polymers and oligomers contained within a resist resm, thereby refining a crude 
resist resfai, as weU as a resist resin produced by such a refinmg process, a^ 
producing a chemically amplified photoresist composition using such a resist resin, and is 
consequently extremely usefiil in industry . 
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1 . A process for refining a crude resin of a resist resin (A) used in a photoresist 
composition comprising at least said resist resin (A) and an acid generator (B) dissolved in 
a first organic solvent (CI), v^erein 

if a concentration of said component (A) in said photoresist conoposition is labeled 
X, and a cride resin concentration of said component (A) in a crude resin solution 
comprising said crude resin of said component (A) dissolved in a second organic solvent 
(C2) is labeled Y, then 

(i) said crude resin solution is prepared so that Y is smaller than X, and 

(ii) said crude resin solution is subsequently filtered 

2. A process for refining a crude resin for a resist according to claim 1 , vdierein said 
X is within a range fix)m 5 to 25% by weight, and said Y is less than a val^ 

fiom withm said range. 

3 . A process for refining a crude resin for a resist according to claim 2, i^erein said 
X is witiiin a range fix)m 7 to 20% by weight, and said Y is within a range fix)m 2 to 1 0% 
by weight 

4. A process for refining a crude resin for a resist according to claim 1, wherein in 
said filtering step (ii), said solution is passed through a filter comprising a filtration 
membrane. 
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5. Aprocess for refining a crude lesin for aresist according to claim 4, \^erein said 
filter is at least one filter selected fit)m a groiq) consisting of filters comprising filtration 
membranes formed fi:om nylon, polyethylene and polypropylene. 

6. A process for refining a crude resin for a resist according to claim 5 , wherein in 
said filtering step Oi), said solution is passed dirough a filter conq)rising a nylon 
membrane, and is subsequmtly passed through a filter comprising a polyethylene or 
polypropylene mmbrane. 

7. A process for refining a crude resin for a resist according to claim 1, wherein 
foUowing sdd filtering step (ii), (iii) said filtered re^ solution is con^^ 

8 . A process for refining a crude resin for a resist according to claim 1 , \;^erein 
foUowmg synthesis of said crude resin of said component (A), said crude resin solution of 
said step (i) is prepared 

9. A process for refining a ciiide resin for a resist according to claim 8, li^iierein 
following synthesis of said crude resin of said component (A), said crude resin is refined 
with a washing solvent, and subsequently, (i) said crude resin solution is prepared, and (ii) 
filtered 

10. A process for refining a crude resin for a resist according to claim 1 , wherein a 
crude resin for a resist comprising (al ) structural units derived ftom a (meth)acrylate ester 
with a hydrophilic site is used as said crude resm of component (A). 
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11. ApmcessfortefiBingaaiideresmfor^ 10,^a^said 
component (A) comprises at least 20 mol% of s^d (al) units. 

12. A process for refining a cmdeiesm for a resist accordm 
hydrophilic site is a lactone unit 

13. A process for refining a crude resin for a resist acconling to claim 10, i^erein said 
component (A) is a crude resin comprising said (al ) units and (a2) structural units derived 
fix)m a (meih)acrylate ester containing a hydrophobic group. 

14. A process for refining a crude resin for a resist according to claim 13, v^ierein said 
hydrophobic groiq> in said (a2) units is an aliphatic polycyclic hydrocarbon group. 

15. A process for refining a crude resin for a resist according to claim 13,i^ereinsaid 
component (A) is a crude resin comprising fix>m 20 to 60 mol% of said (al) units, and 
from S to SO mol% of said (a2) units. 

16. A process for refining a crude resin for a resist according to claim 10, wherein said 
component (A) is a crude resin formed solely fix)m structural units derived fix>m a 
methacrylate ester. 

17. A process for refining a crude resin for a resist according to claim 10, herein said 
component (A) is a crude resin comprising fix)m 20 to 70 mol% of structural units derived 
from an acrylate ester, andfix)m 30 to 80 mol% of structural units derived from a 
methacrylate ester. 
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18. A resist lesin produced by a process accorcl^ 1. 

19. A process for producing a photoresist composition using a resist resin according to 
claim 18. 

20. A photoresist composition comprising a resist resin according to claim 1 8. 
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